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(54) Metal V-belt 

(57) The relation of the length h 1 of the V surface of 
each metal element to the saddle primary thickness h 2 
is determined such that the strength of the metal ele- 
ment for the Hertz's pressure generated on the V sur- 
face 2 from the normal force P which acts on the V 
surface 2 when the element engages in the V-shaped 
groove of a pulley and the strength for the bending 
moment which is produced by the normal force P on the 
saddles 1 of the metal element are made substantially 
equal to each other. Also, the relation of the length of 
the V surface to the saddle primary thickness is deter- 
mined such that the fatigue life by the Hertz's pressure 
which acts on the V surface and the fatigue life by the 
bending moment which acts on the saddles are made 
substantially equal to each other. The length of the V 
surface, which is determined in the above mentioned 
ways, can be about 0.26 - 1.0 of the saddle primary 
thickness h 2 . Thus, the miniaturization and lightening of 
the element is achieved by this rational method which 
equalizes the fatigue life for the whole body of the ele- 
ment while providing the element with necessary 
strengths. 
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FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a metal V-belt, which can be used for power transmission in a V-belt type con- 
tinuously variable transmission, and more particularly to the structure of a metal element, a plurality of which are used 
for constituting such a metal V-belt. 

BACKGROUND OF THE INVENTION 

70 

[0002] Such metal V-belts have been known, and some are disclosed in, for example. Japanese Laid-Open Utility- 
Model Publication No. S62(1987)-131143 and Japanese Laid-Open Patent Publications Nos. H2(l990)-225840 and 
H7(1995)-121 77. As an example, a portion of one type of metal V-bett 13 is shown in FIGS. 5 and 6. This metal V-be!t 
comprises metal rings 14, each of which is an endless belt, and a plurality of metal elements E, each of which is sup- 
75 ported in succession along the metal rings 14. This metal V-belt is put around a drive pulley 1 1 and a driven pulley 12 
and disposed therebetween, each pulley having a V-shaped groove, the width of which is variably adjustable. With this 
construction, when the widths of the V grooves of the pulleys are variably adjusted, the V-belt pitch radii of the pulleys 
are variably changed so that the speed ratio is continuously varied. 

[0003] In designing a metal V-belt which can be used for a continuously variable transmission, it is important to 
20 improve the transmission efficiency of the metal V-belt. For this reason, the metal rings and the metal elements should 
be built with sufficient strengths while their sizes and weights are reduced as much as possible since metal V-belts are 
typically exposed to a rotational speed of up to 5,000 rpm or to 6,000 rpm. A method for reducing the weight of the metal 
. element E is described in the above mentioned Japanese Laid-Open Utility-Model Publication No. S62(1987)-131 143. 
In this method, the central bottom part (the bottom of the body portion 3 shown in FIG. 6) of the metal element E is cut 
25 off to reduce the weight of the metal element while the height (equivalent to the saddle primary thickness h 2 in the fol- 
lowing embodiment according to the present invention) of the remaining body of the metal element is regulated to attain 
a uniform pressure distribution over the V surface of the metal element, which surfaces of the metal elements are 
engaged with the V-shaped grooves of the pulleys. 

[0004] Also, a method for improving the transmission efficiency of the metal V-belt is disclosed, for example, in the 
30 above mentioned Japanese Laid-Open Patent Publication No. H2( 1990) -225840. The publication discloses a motion 
that removes the clearance among the metal elements in the slack side of the metal V-belt. In this method, each metal 
element is designed such that the center of gravity of the element is located near the inclined region on the main surface 
of the metal element or radially outside of the inclined region. With this construction, the metal element retains an impul- 
sive force when it comes out of the driven pulley, and by this impulsive force, the metal elements in the return side of 
35 the metal V-belt are forced to connect with one another without clearance. As these metal elements in a successive 
connection without any clearance enter the V-shaped groove of the driven pulley, this metal V-belt drive has an 
improved efficiency of power transmission arid a reduced friction. 

[0005] Also, a method for improving the transmission efficiency and the abrasion resistance of the metal V-belt is dis- 
closed, for example, in the above mentioned Japanese Laid-Open Patent Publication No. H7(1 995)-1 21 77. This method 

40 determines two contact points: a first contact point where the supporting surfaces (equivalent to the upper surfaces of 
the saddles 1 in FIG. 6) of the metal element are in contact with the innermost portions of the metal rings respectively, 
and a second contact point where the surfaces of a top portion (equivaJent to the lower surfaces of the ears 6 in FIG. 6) 
of the metal element are in contact with the outermost portions of the metal rings respectively Then, the metal V-belt is 
constructed to set the relation of the horizontal distance A between these two contact points with the clearance B in the 

45 direction of the thickness of the metal rings in the slots of the metal element as Tan * B/A is smaller than 1 . With this 
construction, the magnitude of tjrnlng around and of translation (i.e., sliding) of the metal element at the entrance of a 
pulley is restricted to improve the transmission efficiency and the abrasion resistance. 

[0006] However, the technique for reducing the weight of the metal element, which is described in the above men- 
tioned Japanese Laid-Open Utility-Model Publication No. S62(1987)-131 143 is to determine the contact length of the V 

so surface of the metal element (hereinafter referred to as "element") which meets the V-shaped grooves of the pulleys and 
the height of the plate remaining after the central bottom part of the element has been cut off to make the distribution 
of the compressive stress over the V surface of the element uniform. However, this method determines the length of the 
V surface and the height of the plate not in consideration of the bending moment which results from the penetration of 
the element into the V-shaped groove of the pulley and which acts on the central portion of the element (i.e., the body 

55 3 in FIG. 6). 

[0007] However, when the plate thickness of the central portion of the element is determined to make the distribution 
of the compressive stress uniform over the V surface, even though this is effective in reducing the weight of the element, 
the element may be cut off excessively. As a result, the remaining portion of the element may be exposed to an 
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increased bending stress, which may jeopardize the element to a fatigue failure. On the other hand, it the length of the 
V surface of the element is determined to make the distribution of the compressive stress uniform while the bending 
stress is kept sufficientiy small, then the length of the V surface may become excessively great. As a result, the weight 
of the element may not be reduced sufficientTy. 

[0008] In the technique for improving the transmission efficiency which is disclosed in the above Japanese Laid-Open 
Patent Publication No. H2( 1990) -225840, the center of gravity of the element is considered, but the inertia (or centrifu- 
gal force) around the center of gravity of the element and the weight of the element are not considered. Therefore, even 
though the center of gravity of each element is positioned radially outside of a respective pulley by enlarging the ears 
of the element, if the weight of the element increases, then the movement of the elements becomes unstable at the ele- 
ment-exit side of the driven pulley and at the element-entry side of the drive pulley, which locations are in the slack side 
of the metal V-belt. As a result, excessive loads against the metal rings (hereinafter referred to as "rings") and the ele- 
ments are generated. In this condition, the transmission efficiency decreases over a range of high rotational speed 
(e.g., 5000 - 6000 rpm) because of the inertia of the element, and also, the life of the rings is shortened. 
[0009] It is desirable that the above mentioned well-known method which is to improve the abrasion resistance and 
the transmission efficiency of the metal V-belt be revised to reduce the inertia of the element around the center of gravity 
of the element and to reduce the weight of the element for further improving the abrasion resistance and the transmis- 
sion efficiency. 

SUMMARY OF THE INVENTION 

20 

[001 0] The present invention is to satisfy the above mentioned technological need. It determines certain dimensions 
of an element which constitutes a metal V-belt for mechanical power transmission for the purpose of reducing the 
weight of the element and thus reducing the inertia of the element substantially such that the strength for the Hertz's 
pressure which acts on the V surface (e.g., the V surface 2 in the following embodiment) of the metal element being in 
25 contact with the V-shaped groove of a pulley and the strength for the bending moment which is produced by a normal 
force from the V-shaped groove of the pulley and which acts on the body (e.g., the body 3 in the following embodiment) 
of the metal element are set substantially equal to each other. 

[001 1] Here, it is important to consider the stress produced in the body of the element, and it is necessary to deter- 
mine the region in the body of the element where the bending stress becomes maximum. Typically, this maximum bend- 
30 ing stress is produced in the portion where the height of the body in the radial direction of the pulley is minimum (e.g., 
the height h 2 in the following embodiment, and it is referred to as "saddle primary thickness"), which height is defined 
between the bottom surface of the body (the inner surface in the radial direction of the pulley) and the upper surfaces 
of the saddles which are in contact with the innermost surfaces of the rings (e.g., the rings 14 in the following embodi- 
ment). 

35 [001 2] Therefore, when the length h-| of the V surface, at which the element is in contact with the V-shaped groove of 
the pulley, and the saddle primary thickness h 2 are determined, the strength of the element for the Hertz's stress pro- 
duced at the V surface and the strength for the bending stress produced at the portions of saddle primary thickness, 
where the bending stress produced in the body of the metal element is maximum, are set substantially equal to each 
other. Also, the length h., of the V surface and the saddle primary thickness h 2 are determined such that the Hertz's 

40 stress and the bending stress are made substantially equal to each other. Also, the length h-j of the V surface and the 
saddle primary thickness h 2 are determined such that the fatigue lives resulting from these stresses are made substan- 
tially equal to each other. By using any of the above determination methods, the length of the V surface of the element 
can be reduced rationally to achieve further miniaturization of the element. 

[001 3] According to the present invention, the length h 1 of the V surface is defined more specifically as 0.26 - 1 .0 of 
45 the saddle primary thickness h 2 . This saddle primary thickness h 2 is calculated from an equation, which will be 
described in the following section of this document. However, some values listed in the above mentioned prior art meth- 
ods can be also applied as the saddle primary thickness h 2 . The range of ratio according to the present invention, i.e., 
h = (0.26 - 1 .0) h 2 , is much smaller than the conventional ratio, which is typically r^ ^ 1 .2^. For example, the above 
mentioned Japanese Laid-Open Utility-Model Publication No. S62(1987)-131143 discloses the ratio of 
50 h 1 = (1 .25 - 2.0)h 2 . Thus, the length of V surface determined by using the method according the present invention is 
much smaller than the conventional length. 

[0014] To reduce the length of the V surface, for example, the radius of curvature of the portion where the saddle sur- 
face and the V surface meet each other can be made relatively large, or the radius of curvature of the lower portion of 
the V surface can be made relatively large. However, it is preferable to enlarge the radius of curvature of the lower por- 
55 tion of the V surface which extends from the saddle surface radially inward to the pulley, or to cut off the lower portion 
so as to reduce the length of the V surface. By such a method, preferably, the element should be configured such that 
the center of gravity of the element is positioned radially outside of the line (e.g., the rocking edge 20 in the following 
embodiment) that is formed by the intersection of the surface of the element and the inclined face of the element which 
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face is provided for the flection of the metal V-belt around the pulley. 

[001 5] In this way, if the lower portion of the element is cut off, then the weight of the element is reduced by the amount 
which is cut off, and the inertia of the element is also reduced accordingly. In addition, the center of gravity of the ele- 
ment is positioned radially outside of the pulley, and this configuration promotes the motion which reduces the clear- 

5 ance among the elements in the metal V-belt at the element-exit side of the pulley. By determining the optimal value for 
the length of the V surface in relation to the saddle primary thickness in this way. not only the weight of the element is 
rationally reduced to decrease the inertia, but also, because of the location of the center of gravity, which is in the upper 
portion of the element, the element aligning effect is further promoted at the exit of the driven pulley. 
{001 6] Further scope of applicability of the present invention will become apparent from the detailed description given 

10 hereinafter. However, it should be understood that the detailed description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[001 7] The present invention will become more fully understood from the detailed description given herein below and 
the accompanying drawings which are given by way of illustration only and thus are not limitative of the present inven- 
tion and wherein: 



20 Rg. 1 is a front view of an element of a metal V-belt according to the present invention; 
Fig. 2 is a side view of the element; 

Rg. 3a and 3b are schematic diagrams which are used for finding the Hertz's stress o+H acting on the element, FIG. 
3a being a view showing a condition where the metal V-belt is disposed around a pulley, and FIG. 3b being an illus- 
tration of a local area where the V-shaped groove of the pulley and the V surface of the element come into contact 
25 with each other; 

Rg. 4a and 4b are schematic diagrams showing some examples of strength against fatigue (S-N characteristic) of 
the element, FIG. 4a showing an example in which the Hertz's stress aH and the bending stress <r 2 come to be 
almost equal to each other at a predetermined number of repetitions, and FIG. 4b showing an example in which 
these stresses have different fatigue life characteristics; 
30 Rg. 5 is a schematic diagram of a continuously variable transmission, in which the metal V-belt is disposed; 
Rg. 6 is a schematic diagram showing a construction of the metal V-belt; 

Rg. 7 is a partially enlarged view showing the surface condition of the V surface of the above mentioned element; 
Rg. 8 is a schematic diagram describing the elastic deformation which is observed in a pulley of the continuously 
variable transmission while the transmission is in operation; 
35 Rg. 9 is a schematic diagram showing the condition of the contact between the surfaces of the V-shaped groove of 
the pulley in elastic deformation and the corresponding V surface of the element; 

Rg. 10 are graphs showing the surface abrasion of the two surfaces of the V surface of the element respectively, 
(a) and (b); 

Rg. 11 is a graph showing a relation between the saddle primary thickness h 2 of the element and the bending 
40 stress a 2 being produced there; 

Rg. 12 is a graph showing a relation between the length h«| of the V surface and the Hertz's stress aH with the var- 
ying grooved elevation ratio p of the V surface of the element; and 

Fig. 13 is a graph showing a relation between the length h 1 of the V surface and the Hertz's stress <jH while the 
working face factor y is also varied in combination with the variation of the grooved elevation ratio p of the V surface 
45 of the element. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] FIGS. 5 and 6 show the construction of a metal V-beft. The present invention relates particularly to an element 
so which is used for constituting this metal V-belt. This element is shown in detail in FIG. 1 and FIG. 2. The construction of 
the metal V-belt shown in FIG. 5 and FIG. 6 is identical with that of a conventional metal V-bert except the construction 
of the element. Thus, the metal V-belt comprises metal rings 14, each of which is an endless belt, and a plurality of 
metal elements E, each of which is supported in succession along the metal rings 14. This metal V-belt is put around a 
drive pulley 11 and a driven pulley 12 and disposed therebetween. In this construction, when the widths of the V 
55 grooves of the pulleys are variably adjusted, the V-belt pitch radii on the pulleys are variably changed so that the speed 
ratio is continuously varied. 

[001 9] The element E includes lateral slots S, which are to receive the metal rings 1 4. In this configuration of the ele- 
ment, the part of the element above the slot S (i.e., radially outside of the pulley) is referred to as "head 4" whereas the 



4 



BNSDOCID- <EP 0962679A1 J_> 



EP 0 962 679 A1 

part below (i.e., radially inside of the pulley) is referred to as "body 3". The head 4 includes a protrusion 5 (referred to 
as "coupling"), which engages with an adjacent element in the metal V-beit, and, on the side opposite to this protrusion, 
a dent (not shown), which is to receive the protrusion of another adjacent element. These protrusions and dents are 
engaged one by one to align a plurality of elements in the metal V-belt. Each element includes an inclined face 21 to 
5 make the metal V-belt freely flexible around the pulleys. Hereinafter, the line 20 formed by the inclined face 21 intersect- 
ing the surface of the element is referred to as "rocking edge 20", In addition, the portions of the head which extend lat- 
erally from the coupling 5 toward the rings are referred to as "ears 6". 

[0020] The body 3 of the element comprises saddle surfaces 1 , each of which comes into contact with the innermost 
surface of a corresponding ring to receive the tension of the rings, and V surface 2, each portion of which has a height 

w h-i and comes into contact with the V-shaped grooves of the pulleys for torque transmission. Furthermore, the portions 
of the body 3 and ears 6 which are located at the deepest parts of the slots S are rounded to avoid stress concentration. 
Due to the existence of these rounded portions, the height of the body is typically smallest in the root portions of the 
saddles 1 , and therefore, the bending stress which results from the normal forces from the V-shaped groove of the pul- 
ley, the tensile forces of the rings, etc. is maximum in these regions. This smallest height is referred to as "saddle pri- 

75 mary thickness h 2 ". 

[0021] Now, the method for lightening the element according to the present invention is described with some equa- 
tions. First, the stress which is produced in the portions having the saddle primary thickness h 2 is considered. These 
portions are exposed to a bending stress a 2 which is caused from a bending moment generated by the friction between 
the V surface of the element and the V-shaped groove of the pulley. This bending stress a 2 can be expressed in the 
20 following equation, wherein M is the bending moment acting on this specific portion; Z 2 is the modulus of section of this 
portion; \i is the friction coefficient of the V surface; L is the length of the overhang of the body; P is the mean effective 
load acting on the V surface; a is a load concentration factor; and t is the equivalent plate thickness of the body. 

a 2 =M/Z 2 =6nLPa/th2 2 (1) 

25 

By solving this for h 2 , the following will result. . . 

h 2 = V[(6uLPa)/(ta 2 )] (2) 

30 [0022] On the other hand, the V surface 2 of the element, which meets the V-shaped grooves of the pulleys, are 
exposed to the Hertz's stress <tH which is caused from the normal forces acting on the surfaces of the V-shaped 
grooves. If two spherical surfaces having radii of curvature R 1 and R 2 , respectively, are pushed by a normal force P to 
each other with a real contact length h 0 as shown in FIG. 3, then the contact surface is formed as a band with a width 
2a. Here, the maximum Hertz's stress aH can be described as the following equation, wherein Ej and E 2 are the longi- 

35 tudinal moduli of the materials of the pulleys and the elements, respectively; v-, and v 2 are the Poisson's ratios, respec- 
tively; 6 is the angle of the V surface; R is the effective radius of torque transmission; and ho is the real contact length 



between the pulley and the element. 

R n = R/sine (3) 

a = 2 V{Pa/(nh 0 )[(1 - v 1 2 )/E i + (1 ~ v 2 2 )/E 2 ]/(1/R 1 + 1/R 2 )} (4) 

aHmax = 2Pa/rcah 0 (5) 



45 [0023] As shown in FIG. 7, which is an enlarged view of the V surface 2 of the element, a plurality of minute grooves 
2b are provided in the V surface in the direction of the thickness of the element, the real contact length h 0 
in the above equation can be expressed with contact factors p and y as "h 0 = Pyh n " , wherein 
p ("grooved elevation ratio" p = I elevated lengths/h «,) is the contact area ratio which geometrically removes the 
areas of the grooves 2b from the consideration; and y ("working face factor" y = real contact length h .,7h .,) is the 

so dynamic contact ratio which includes the effect of motions during the operation. 

[0024] Here, as R 2 = ao , 1/R 2 = 0 . Then, v 1 = v 2 = v and E 1 = E 2 = E are applied to equation (4) to achieve the 
following equation. 

a = V[8PaR n (1 - v 2 )/(7tEh 0 )] (6) 

55 

[0025] From equations (5) and (6), the following is achieved. 

<rHmax = V{PaE/[27ch 0 R ,(1 - v 2 )]} (7) 
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[0026] Then, from equations (3) and (7), the following is achieved. 

aHmax = V{PaE • sine/I2jih 0 R(1 - v 2 )]} (8) 

5 [0027] This equation (8) is rewritten for h 0 . 

h 0 = [PaE • sine]/[2itR(1 ■ v 2 ) • aHmax 2 ] (9) 

[0028] In the method for lightening the element according to the present invention, the relation between the heights 
io h-( and h 2 is determined to make the element acquire a substantially equal strength to withstand both the bending stress 
a 2 produced in the body and the Hertz's stress aHmax produced in the V surface, both the stresses being represented 
in the above equations. For example, the relation between the heights h t and h2 is determined such that the fatigue 
lives from these stresses are substantially equal to each other as shown in FIG. 4(a) and (b). 

[0029] For example, the heights h-| and h 2 are determined such that the fatigue strengths against these stresses are 
15 substantially equal to each other at a predetermined number of repetitions (e.g., 1 x 10 6 ) as shown in FIG. 4(a). If the 
characteristics of the element are determined to have different fatigue strengths as shown in FIG. 4(b), then the relation 
between the heights h 1 and h 2 should be determined such that these stresses a 2 and aHmax can meet certain fatigue 
strengths at a predetermined number of repetitions, for example, 1 x 10 6 . Now, as an example, the heights h-j and h2 
are determined to make the bending stress a 2 and the Hertz's stress aHmax substantially equal to each other. 
so [0030] First, the ratio of and h 0 is calculated from equations (2) and (9). 

h 2 :h 0 = V [(6jnLPa)/(ta 2 )] : [PaE -sine]/ [2tcR(1 - v 2 )- aHmax 2 ] (10) 

[0031] Into this equation (10), a 2 = aHmax = 120 kg/mm 2 is applied. Furthermore, as the friction coefficient \i will 
25 not vary over the range of 0.1 5 to 0:6 of the contact area ratio (grooved elevation ratio) p of the V surface, for this range, 
specific values, i.e.. P = 63.8 kgf, a = 3.3. L = 9.5 mm. t = 1.4 mm. u. = 0.3. 9 = 11 degrees. R = 27.8 mm, E = 21000 
kgf/mm 2 , etc., are applied into the above equation to achieved the following. 



30 



h 0 =0.080h 2 (11) 



[0032] In the condition where the metal V-bett 13 is disposed around the driving pulley 1 1 and the driven pulley 12 
and this belt drive is in operation, the reaction forces generated from the above mentioned stresses act on the V-shaped 
grooves of the pulleys, deforming them elastically. FIG. 8 shows schematically the simulated deformed condition of a 
pulley in such elastic deformation. In the pulley which is experiencing elastic deformation (e.g., the driven pulley 12 in 

35 FIG. 5), the region which is in contact with the elements can be categorized into the two sub-regions: one sub- region 
where the actual angle of the V-shaped groove is greater than the specified original angle of the pulley, i. e. , 22 degrees, 
because the V-shaped groove has opened due to the elastic deformation, and the other where the actual angle of the 
V-shaped groove is smaller than the specified original angle, which is the reverse of the former. 
[0033] Furthermore, in a continuously variable transmission which utilizes a metal V-belt, the control of the variable 

40 V-belt pitch radii around the pulleys, i.e., the control of the variable widths of the V-shaped grooves of the pulleys is car- 
ried out with pairs of fixed and movable pulley members. In each pulley, one sloped surface of the V-shaped groove is 
fixed on a shaft (as a fixed pulley member), and the other sloped surface of the V-shaped groove is mounted on the shaft 
axially slidable (as a movable pulley member). With this construction, the control is carried out by axially moving the 
respective movable pulley members through a hydraulic pressure control. 

45 [0034] As a result, the condition of conctact between the V surfaces 2 of the elements and the V-shaped grooves 12 
of the pulley in the region where the angle of the V-shaped groove is greater than 22 degrees is different from the con- 
dition in the region where it is smaller than 22 degrees. The two lateral sides of the V surface of the element do not meet 
the V-shaped groove of the pulley uniformly, but one side of the V surface is in contact with a whole length h 1 while the 
other side of the V surface is in contact with a real contact length h-,\ This condition occurs in correspondence with the 

so angular difference, which is caused by the elastic deformation, from the specific original angle of the V-shaped groove 
as shown in FIG. 9(a) and (b). 

[0035] Fig. 10(a) and (b) show the result of the measurement which is carried out on the two sides of the V surface 
of the element for analysis of the surface abrasion after an endurance test is executed on the metal V-belt under the 
maximum speed of a vehicle that uses the belt. Both graphs plot in magnification the length of the V surface to the axis 
55 of abscissa and the height of the V surface to the axis of ordinate, and the results of measurement before the endurance 
test and after are presented in two-dot chain line and in real line, respectively. The grooves seen in the graphs are the 
grooves 2b described in FIG. 7. 

[0036] From these graphs, it is clear that the lateral two sides of the V surface of the element do not undergo uniform 
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or equal abrasion, and that the one side of the V surface which experiences much abrasion is not worn out evenly at an 

angle throughout the whole surface but is worn out from both the upper and lower ends at different angles. This test 

result of the V surface abrasion is also a proof that the pulleys experience an elastic deformation as simulated in FIG. 

8 and that, because of this elastic deformation, the condition of contact between the V surfaces 2 of the elements and 
5 the V-shaped grooves 12 of the pulleys is as illustrated in FIG. 9(a) and (b) (one side of the V surface is in contact with 

the whole length h 1 while the other is in contact with the real contact length h n \ which is' shorter than the whole length 

h t correspondingly to the angular difference created by the elastic deformation). 
- [0037] In consideration of the elastic deformation of the V surfaces of the elements which deformation appears when 

the metal V-belt is disposed around the pulleys, the ratio y (working face factor y = h 1 Vh ) of the real contact length h^ 
io to the length h t of the V surface is calculated from the graph in FIG. 10(b) to be about 0.5 (y = 0.5). Therefore, when 

the maximum Hertz's pressure on the V surfaces of the elements is considered, it is preferable that calculations should 

be performed with the working face factor y of about 50%. 

[0038] Thus, substituting y = 0.5 in the above equation M h 0 = py h 1 and by substituting the result in equation (1 1), 
the following is achieved. 

75 

h n = (0.160/p)h 2 (12) 

[0039] When the grooved elevation ratio p is maximum (pmax = 0.6), the height h-, of the V surface becomes minimum 
h-j min. 

20 

h , min = (0.160/0.6)h 2 = 0.26h 2 

[0040] When the grooved elevation ratio p is minimum (pmin = 0.15), the height h 1 becomes maximum max. 

25 max = (0. 160/0. 15)h 2 *= 1.0h 2 

[0041 ] From these results, in this method, the height h n of the V surface can be determined as 0.26 to 1 .0 of the saddle 
primary thickness h 2 . Conventionally, this value has been h 1 = (1.25 - 2.0) h 2 . Therefore, according to the present 
invention, the length of the V surface of the element can be reduced in the metal V-belt. 
30 [0042] As a reference, Fig. 1 1 presents the relation between the saddle primary thickness h 2 of the element and the 
bending stress a 2 being produced there. These plots are calculated from the above equation (2) with various values, 
which are mentioned above. From this graph in FIG. 11, it is understood that the saddle primary thickness h 2 should be 
preferably more than 4.6 mm. 

[0043] From this result, while the saddle primary thickness h 2 is set at 4.6 mm with the working face factor y of 0.5, 
35 the grooved elevation ratio p is varied from the minimum, i.e., pmin = 0.15, to the maximum, pmax, to see the relation 
between the length h-, of the V surface and the Hertz's stress oH The results are shown as a graph in FIG. 12. It is 
preferable that the length h-, of the V surface be in the range where the Hertz's stress is smaller than or equal to 120 
kgf/mm 2 (aH ^ 120 kgf/mm 2 ), i.e., in the range of 1.2 - h 1 ^ 4.6 mm (0.26h 2 S £ 1.0h 2 ) from the graph. 
[0044] More preferably, in consideration that, in reality, the amount of the elastic deformation of the grooves changes 
40 with the variation of the grooved elevation ratio p, and that the working face factor y changes in relation with the change 
of the amount of the elastic deformation, the graph in FIG. 1 2 is redrawn with y = 0.6 for p = 0. 1 5 and y = 0.3 for p = 0.6 
in FIG. 13. Preferably, the length of the V surface is in the range of 1 .90 ^ h t si 4.00 mm. Here, since the saddle pri- 
mary thickness h 2 is constant at 4.6 mm, h t min = 0.41 h 2 and h 1 max = 0.87 h 2 . Therefore, the preferable range is 
0.41 h 2 ^ h 1 ^ 0.87 h 2 . 

45 [0045] According to this present invention, the length h 1 of the V surface is determined in relation with the saddle pri- 
mary thickness h 2 in the above mentioned way, and the lower portions of the saddles are cut off so that the center of 
gravity of the element can be located above the rocking edge (i.e., radially outside). The portions which are cut off in 
this way are shown in hatching in FIG. 1. Thus, the element E according to the present invention, which is configured 
by the above mentioned method, is smaller and lighter than the conventional element by the amount removed, which is 

so shown in hatching and denoted by letter "D" in the figure. 

[0046] The invention being thus described, it will be obvious that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included within the scope of the following claims. 

55 RELATED APPLICATIONS 

[0047] This application claims the priority of Japanese Patent Application No. 10-1 57523 filed on June 5, 1998 and 
No.1 1-1 1 1939filed on April 20, 1999, which are incorporated herein by reference. 
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[0048] The relation of the length h, of the V surface of each metal element to the saddle primary thickness hg is deter- 
mined such that the strength of the metal element for the Hertz's pressure generated on the V surface 2 from the normal 
force P which acts on the V surface 2 when the element engages in the V-shaped groove of a pulley and the strength 
for the bending moment which is produced by the normal force P on the saddles 1 of the metal element are made sub- 

5 stantially equal to each other. Also, the relation of the length of the V surface to the saddle primary thickness is deter- 
mined such that the fatigue life by the Hertz's pressure which acts on the V surface and the fatigue life by the bending 
moment which acts on the saddles are made substantially equal to each other. The length h-, of the V surface, which is 
determined in the above mentioned ways, can be about 0.26 - 1 .0 of the saddle primary thickness h 2 . Thus, the minia- 
turization and lightening of the element is achieved by this rational method which equalizes the fatigue life for the whole 

to body of the element while providing the element with necessary strengths. 

Claims 

1 . A metal V-belt comprising metal rings, each of which is an endless belt, and a plurality of metal elements, each of 
is which is supported along said metal rings; said metal V-belt being disposed around a drive pulley and a driven pul- 
ley for power transmission; 
wherein: 

length of V surface of each ol said metal elements, which V surface comes into contact with V-shaped 
20 groove of each of said pulleys, and minimum height h 2 of saddles in radial direction of each of said pulleys, 

which saddles are in contact with innermost portions of said metal rings, are determined; 
such that strength for Herd's pressure which acts on said V surface of said metal element and strength for 
bending moment which acts on said saddles of said metal element are made substantially equal to each other. 

25 2. The metal V-belt as set forth in daim 1 wherein: 

said length h 1 of said V surface and said minimum height h 2 of said saddles are determined such that Hertz's 
stress produced in said V surface of said metal element and bending stress produced at said minimum height 
portions of said saddles of said metal element are made substantially equal to each other. 

30 

3. The metal V-belt as set forth in claim 1 wherein: 

said length h A of said V surface and said minimum height h 2 of said saddles are determined such that fatigue 
life by Hertz's pressure which acts on said V surface and fatigue life by bending moment which acts on said 
35 metal element are made substantially equal to each other. 

4. The metal V-belt as set forth in any of claims 1 through 3 wherein: 

said length of said V surface is 0.26 - 1 .0 of said minimum height h 2 of said saddles. 

40 

5. The metal V-belt as set forth in any of claims 1 through 4 wherein: 

center of gravity of said metal element is located radially outside of a line which is formed by a surface of said 
metal element intersecting with an inclined face, said inclined face being provided on said metal element for 
45 said metal V-belt to be freely flexible round said pulleys. 



50 
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